To determine whether exposure to chronic hypoxia and subsequent development of pulmonary hypertension induces alterations of endothelium-dependent relaxation in rat pulmonary vascular bed, we studied isolated lung preparations from rats exposed to either room air (controls) or hypoxia (H) during 1
Introduction
In residents at high altitude or in patieAts suffering from chronic lung disease, exposure to chronic hypoxia leads to development of sustained pulmonary hypertension as a consequence ofincreased vasomotor tone and structural remodeling of the pulmonary vascular bed (1) (2) (3) . Whereas hypoxia-induced pulmonary hypertension is known to be associated with both medial and intimal changes ofpulmonary vessels in experimental animals (4) (5) (6) , interactions between pulmonary vascular endothelium and vascular smooth muscle have not been examined during hypoxic pulmonary hypertension. It is now understood that vascular endothelium, in addition to being a physical and metabolic barrier for circulating substances in the blood, can also influence the tone of the underlying smooth muscle (7) . Endothelium-derived relaxing factor (EDRF), identified as nitric oxide or a related molecule, prostaglandins, and the vasoconstrictor peptide endothelin are all released by the endothelium and can influence smooth muscle tone in blood vessels (7) (8) (9) (10) . Whereas the role of pulmonary prostaglandins has been extensively investigated (11, 12) , the potential role of EDRF and endothelin in the modulation of the pulmonary vascular tone was more recently suggested. Endothelium-dependent relaxation of vascular smooth muscle has been demonstrated in pulmonary vessels in response to acetylcholine, bradykinin, or other agents (13) (14) (15) as has the synthesis by pulmonary endothelium of the constrictor peptide endothelin (16) . Potentiation of hypoxic pulmonary vasoconstriction by antagonists of endothelium-dependent relaxation has also been shown in the isolated perfused rat lung suggesting a concomitant release of EDRF during acute hypoxia (17) (18) (19) .
Moreover, the pulmonary vasoconstrictor response to endothelin (20) is potentiated by endothelium removal in isolated pulmonary arteries and by EDRF antagonists in isolated rat lungs (21, 22) . These observations suggest that the release of EDRF could occur in response to pulmonary vasoconstriction induced by various stimuli and could contribute to the maintenance ofa low resting tone in the pulmonary circulation. In the present study, we questioned whether endothelial alterations observed during exposure to moderate hypoxia could be associated with impaired endothelium-dependent relaxation in the pulmonary circulation. To test this hypothesis, we used isolated lung preparations from rats previously exposed to chronic hypoxia or room air and examined the pulmonary vascular response to the endothelium-dependent vasodilators, acetylcholine and ionophore A23 187, and to the direct acting vasodilator agent sodium nitroprusside. We also compared the pressor effect of endothelin in lungs from normoxic and chronically hypoxic rats and examined whether EDRF antagonists, which potentiate vasoconstriction to endothelin in lungs from normoxic rats, had a similar effect in lungs from hypoxic animals.
Methods

Chronic hypoxia
Male Wistar rats weighing 250-300 g at the start ofthe experiment were randomly divided into four groups. Three groups of rats were exposed to chronic hypoxia and one group maintained in room air (control normoxic group). All hypoxic and normoxic rats were kept in the same room, at the same light-dark cycle. Rat chow and tapwater were provided ad libitum. Rats were exposed to hypoxia (10-1 1% 02) in a 500-liter ventilated chamber (Flufrance apparatus, Cachan, France). To establish the hypoxic environment, the chamber was flushed with a mixture of room air and nitrogen and gas recirculated with a pump. The environment within the chamber was monitored with an oxygen analyzer (model OA 150; Servomex, Crowborough, England). Carbon dioxide was removed by self-indicating soda lime granules and excess humidity prevented by cooling of the recirculation circuit. Temperature within the chamber remained within 22-240C. The chamber was opened every other day for -2 h to clean the cages and replenish food and water. Rats were exposed to hypoxia for 7 d or 3 wk, and studied within I h ofremoval from the chamber. Another group was exposed to 3 wk of hypoxia but returned to normoxic conditions for 48 h before study.
Isolated rat lungs
Rats were anesthetized with sodium pentobarbital (40 mg i.p.). After tracheal cannulation, they were ventilated with warmed normoxic gas (95% air, 5% CO2) at 60 breaths/min with an inspiratory pressure of 9 cm H20 and an expiratory pressure of 2.5 cm H20. A median sternotomy was performed and 100 IU heparin administered through the right ventricle. After cannulae had been inserted into the pulmonary artery and the left ventricle, heart and lung were suspended in a humidified chamber at 370C (Fig. 1) . The lung was perfused through the pulmonary arterial cannula with a peristaltic pump at a constant flow of0.05 ml/g body weight/min. The recirculated perfusate was a physiological salt solution of the following composition (millimolar): 116 NaCI, 4.7 KCI, 19 NaHCO3, 0.83 MgSO4, 1.8 CaCI2 2 H20, 1.04 NaH2PO4, 5.5 glucose, and phenol red Na (0.1 1 g/liter), ficoll (4 g/100 ml, type 70, Sigma Chemical Co., St. Louis, MO). Meclofenamate (3 ,uM) was included in the perfusate at the start of the experiment to inhibit prostaglandin synthesis. The lung was first flushed with 20 ml ofsalt solution before recirculation with the perfusate (total volume, 30 ml) was initiated. Effluent perfusate was drained from the left ventricular cannula into a reservoir. Perfusate temperature was maintained at 38°C. Mean Figure 1 . Experimental apparatus of the isolated rat lung. perfusion pressure was measured from a side port of the pulmonary arterial line (P23 XL transducer; Gould, Ballainvilliers, France), the pulmonary venous pressure was assumed to be zero. Each lung preparation was used to study only one of the following procedures.
Vasodilator response to acetylcholine. The endoperoxide analog U466 19 was diluted in a 20-ml volume of the physiological salt solution and infused into the pulmonary arterial line at a constant rate of50 pmol/min with an infusion pump (Vial-Medical, Grenoble, France). Infusion ofU466 19 was started after a 30-min equilibration period had elapsed. Pulmonary artery pressure increased gradually in response to U466 19 and did not reach a plateau despite infusion was prolonged up to 20 min. Acetylcholine chloride or its vehicle (saline) was injected into the pulmonary arterial line after 10 min of U46619 infusion as 50
Ml bolus of increasing doses (10-9_10-6 M) separated by 3 Vasodilator response to ionophoreA23187. After 10 min ofcontinuous infusion of U46619 at 50 pmol/min, ionophore A23187 or its vehicle (diluted ethanol) was administered into the perfusate reservoir as 50 MAl bolus of increasing doses (final concentration, 10-9-10-7 M) separated by 2-min intervals.
Vasodilator response to sodium nitroprusside. After 10 min ofcontinuous infusion ofU466 19 at 50 pmol/min, sodium nitroprusside (AP PCH, Paris) dissolved in isotonic glucose and protected from light was administered into the arterial line as 50 Ml bolus of increasing doses (I0-2_10-7 M), separated by 1-min intervals.
Vasoconstrictor effect of endothelin. In another series of experiments, after 30 min equilibration, isolated lungs were challenged twice at 10-min intervals with a bolus of 0.25 Mg of angiotensin II injected into the arterial line. After return to baseline pressure, a 50 MI bolus of 300 pM endothelin was injected into the pulmonary arterial line. The responses to angiotensin II and endothelin were also studied in the presence ofthe antagonists ofEDRF or their vehicles which were added in the perfusate reservoir as described above.
Histological studies. The lungs were fixed in the distended state by simultaneous infusion of 10% buffered formalin into the pulmonary artery and trachea at 30 and 20 cm H20, respectively. The cannulae were clamped and the entire specimen was placed in a bath of 10% buffered formalin for 1 wk. Midsaggital slices (5 mm thick) were then processed. Sections 5-Mm thick were cut for light microscopy and stained with hematoxilin phloxin saffron. The endothelial coat was examined in proximal and distal arteries (range, 20-100 Mm) of lungs from normoxic and Jiypoxic rats.
Drugs
Meclofenamate purchased from Substantia (Orleans, France) and acetylcholine, methylene blue, pyrogallol, angiotensin II purchased from Sigma Chemical Co., were diluted in saline. Hydroquinone (Sigma Chemical Co.) was diluted in ethanol and prepared before each experiment. The endoperoxide analogue U466 19 (Sigma Chemical Co.), the ionophore A23 187 (Sigma Chemical Co.), both diluted in ethanol, and porcine endothelin (Novabiochem, Laufelfingen, Switzerland), diluted in acetic acid 0.1 N, were stored as stock solution at -30°C, and diluted with saline as required.
Statistical analysis
All results are expressed as mean±SEM. Two-way analysis of variance with repeated measurements were performed. To compare in the normoxic group the effects on pressure changes of acetylcholine or ionophore A23 187 versus their vehicle, we tested drug effect, dose effect and interaction (23) . Similarly, in the normoxic group, we also compared the effects of pretreatment with either methylene blue, hydroquinone, or pyrogallol on the response to acetylcholine. Because no significant difference between the three antagonists was found, results were pooled to compare in the normoxic group the effect of acetylchiineuis EDRF antagonists versus vehicle of acetylcholine. We also compared the effect of acetylcholine in the three different hypoxic groups and in the normoxic group, testing for group effect, dose effect, and interaction. Because interaction was significant, nonparametric Kruskals Wallis one-way analysis of variance and/or Mann-Whitney nonparametric test were used to compare groups at each dose of acetylcholine. A similar procedure was performed to compare the responses to ionophore A23 187 in normoxic and hypoxic groups. One-way analysis of variance was also used to compare baseline perfusion pressure and the pressor response to endothelin, angiotensin II, and U466 19 in the different groups. A P value < 0.05 was considered significant.
Results
Effects of acetylcholine and ionophore A23187 in lungs from normoxic rats. In lung preparations from normoxic rats, mean baseline pulmonary artery pressure was 7.4±0.2 mmHg (n = 29) and increased by 6.2±0.1 mmHg (n = 24) within 10 min of U46619 infusion (50 pmol/min). The pressor response to U46619 did not reach a plateau but continued to rise while repeated administrations of vehicle were performed to serve as control for acetylcholine or ionophore A23187 (n = 5 for each control curve, Figs. 2 and 3). When tested during baseline conditions, acetylcholine or ionophore A23187 had no effect on pulmonary arterial pressure. During conditions of increased pulmonary vascular tone by infusion of U46619, acetylcholine or ionophore A23187 reduced the pulmonary artery pressure in a dose-dependent fashion (n = 5 for each dose response curve, Figs. 2 and 3). The vasodilator effects of acetylcholine and ionophore A23187 were only slightly affected by the degree of tone during this dose-response experimental period because maximal doses of these agents produced similar depressor effects when administered early during infusion ofU46619. The addition of pyrogallol (Pyr), methylene blue (MB), or hydroquinone (HQ) to the perfusate before starting the infusion of U46619 was without effect on baseline pulmonary artery pressure and did not significantly affect the pressor response to U46619 at 10 min (5.6±0.3 mmHg, 5.3±0.2 mmHg, and 5.6±0.2 mmHg with Pyr, MB, and HQ, respectively). When examined in the presence of EDRF inhibitors, the vasodilatory response to acetylcholine was completely abolished and the curve). pressor response to U46619 was similar to that obtained with saline alone (n = 5 for each inhibitor, Fig. 4 ).
Effects ofacetylcholine and ionophoreA23187 in lungsfrom hypoxic rats. As compared to lungs from normoxic rats, mean baseline pulmonary artery pressure was increased in l-wk-old hypoxic rats ( 1.5±0.7 mmHg, n = 10, P < 0.001) as well as in 3-wk-old hypoxic rats and in 3-wk-old hypoxic rats returned to room air (Table I ). There was no significant difference of mean baseline pulmonary artery pressure between these groups of hypoxic rats. Similarly to lungs from normoxic rats, basal pulmonary artery pressure was not affected by administration of acetylcholine or ionophore A23187. The pressor responses to U46619 were similar in the three groups of hypoxic rats and were not significantly different from responses observed in control normoxic rats (Table I ). The responses to acetylcholine (10-6 M) or ionophore A23187 (10-' M), however, differed among groups of hypoxic rats (Figs. 5 and 6). The administration of acetylcholine (n = 5) or ionophore A23187 (n = 5) in lungs from rats exposed to 1 -wk-old hypoxia induced a decline of pulmonary artery pressure, but to a lesser extent than in control normoxic animals (P < 0.02). No vasodilatory effect of acetylcholine (n = 5) or ionophore A23187 (n = 5) was noted in lungs from rats exposed to 3-wk-old hypoxia and instead a persistent rise ofpulmonary artery pressure was observed (Figs.  5 and 6 ). This loss of receptor-mediated (acetylcholine) or nonreceptor-mediated (ionophore A23187) endothelium-dependent vasodilation, however, was no longer observed in rats exposed to a similar period ofhypoxia but returned to room air for 48 h (Figs. 5 and 6) . In this group, the pressor effect of U46619 was reduced to 3.4±0.4 mmHg by 10-6 M acetylcholine (n = 5), (3.3±0.3 mmHg in the control normoxic group, NS) and to 2.6+0.3 mmHg by 10-' M ionophore A23187 (n = 5), (2.7±0.4 mmHg in the control normoxic group; NS). In lungs from rats returned to room air for a shorter period than 48 h, only a partial recovery of the vasodilator response to acetylcholine or ionophore A23187 was observed. Thus, a period of 48 h recovery was chosen in these experiments.
To verify the viability of the endothelial cells in the lung preparations, histological studies were performed in isolated lungs challenged with U46619 and ionophore A23187. Light microscopic examination of 5-,gm sections showed that pulmonary arteries in normoxic rats (n = 3), 3-wk-old hypoxic rats (n = 3), and 3-wk-old hypoxic rats returned to room air (n = 3) exhibited in no instance areas ofendothelial denudation. Thus, there was no evidence that endothelial damage caused by the experimental system could have predominated in lung preparations from chronically hypoxic rats.
Effect of sodium nitroprusside. There was no effect of sodium nitroprusside on baseline pulmonary arterial pressure in lungs from either control normoxic or 3-wk-old hypoxic animals. After the pulmonary vascular tone had been elevated by infusion ofU46619, bolus administration ofsodium nitroprusside caused a dose-dependent decrease of pulmonary arterial pressure (Fig. 7) . In contrast to results obtained with acetylcholine, no significant differences were noted in the dose-dependent vasodilatory responses to sodium nitroprusside between 3-wk-old hypoxic rats and control normoxic animals (n = 4 for each dose-response curve, Fig. 7 ). Sodium nitroprusside similarly reduced the pressor response to U46619 in l-wk-old hypoxic rats.
Effect of endothelin. As previously reported in lungs from normoxic rats (22) , administration of 300 pM endothelin induced a mild and prolonged increase ofpulmonary artery pressure which was potentiated in the presence of EDRF antagonists. As shown in Fig. 8 , addition of MB (n = 5) or Pyr (n = 5) to the perfusate significantly potentiated the pressor response to endothelin (n = 5). Experiments using HQ (n = 5) or its vehicle ethanol (n = 5) similarly demonstrated a potentiation of the response to endothelin in the presence of HQ (Fig. 9) . In lungs from 3-wk-old hypoxic rats (n = 10), the pressor response to endothelin which was significantly higher than in lungs from control normoxic animals was no longer potentiated by MB, Pyr or HQ (Figs. 8 and 9 , n = 5 with each antagonist). The 9- 8.
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6-5. response to endothelin was also examined in lungs from rats exposed to 3-wk-old hypoxia and then returned to room air for 48 h (n = 5). As shown on A23187 is abolished in experimental hypoxic pulmonary hypertension. The dilator response to the endothelium-independent vasodilator sodium nitroprusside was not different from control suggesting that pulmonary hypertension does not result in a global defect ofpulmonary smooth-muscle relaxation. The pulmonary vasoconstrictor response to endothelin was greater in chronically hypoxic rats compared to control normoxic animals and was not potentiated as in normoxic rats by EDRF inhibitors. These results suggest that one mechanism ofaltered vascular control in hypoxic pulmonary hypertension is impaired endothelium-dependent vasodilation. Because Furchgott and Zawadski first reported that relaxation of rabbit aortic strips in response to acetylcholine required the presence of an intact endothelium (8) , the existence of a substance passing from endothelial cells to vascular smooth muscle has been suggested by many studies (24) . This factor has been termed EDRF, and shown to relax smooth muscle cells through activation ofthe soluble form ofguanylate cyclase (25). The formation and release of EDRF has subsequently been demonstrated in response to a variety ofpharma- cological substances and physiologic stimuli, and shown to cause vasodilation in many vascular tissues and species (24) . The pulmonary circulation may be highly sensitive to the effects of EDRF. Pulmonary artery strips from various species including humans relax in response to endothelium-dependent vasodilators (14, 24) and the intact pulmonary circulation from isolated lungs dilates in response to acetylcholine, bradykinin, and nitric oxide (13, 17, 19) . Moreover, in human studies, pulmonary vasodilation with acetylcholine has long been recognized and tentatively used in clinical practice (26) . In addition to promoting pulmonary vasodilation, EDRF can also attenuate vasoconstriction induced by pharmacological or physiological stimuli. In isolated perfused rat lungs, nonspecific inhibitors of EDRF (ecosatetrayenoic acid, nordihydroguaiaretic acid, and hydroquinone) have all been reported to abolish acetylcholine-induced vasodilation and to enhance hypoxic pulmonary vasoconstriction (17) . Methylene blue which can inhibit soluble guanylate-cyclase activity in smooth muscle cells and therefore the effect of EDRF, was also found to potentiate the pressor response to hypoxia in this model (18) . More recently, N-monomethyl-L-arginine, a competitive inhibitor of the synthesis of nitric oxide from L-arginine, was shown to enhance hypoxic vasoconstriction in pulmonary artery rings and isolated rat lungs (19). In a previous as well as in the present study, we found that the EDRF antagonists methylene blue, hydroquinone, and pyrogallol could potentiate the pulmonary pressor response to endothelin (22) . Taken together, these observations suggest that endothelium plays a physiological role in modulating the pulmonary vascular tone through the release of EDRF. The pulmonary circulation is a low-pressure, low-resistance system and it can be suggested that EDRF contributes to the low resting tone of the normal pulmonary vascular bed. Because EDRF inhibition in lungs from normoxic rats did not significantly affect baseline pulmonary artery pressure, it is unlikely that basal release ofEDRF contributed to the low pulmonary vascular tone in our model of perfused rat lungs. In the present study, we investigated lungs ofchronically hypoxic rats which had developed sustained pulmonary hypertension (27) . Indeed, the basal perfusion pressure of lungs from rats exposed to 3 wk hypoxia was about twice that of control animals. Baseline pulmonary artery pressure, however, did not fall in response to sodium-nitroprusside, ionophore A23 187 or acetylcholine in lungs from either normoxic or hypoxic rats. These observations are consistent with the absence ofbaseline tone in isolated lungs from either group while being ventilated with normoxic gas and suggest that high perfusion pressure in lungs from hypoxic rats mainly reflect pulmonary vascular remodeling. When the pulmonary vascular tone was increased by infusion of the endoperoxide analog U46619, a vasodilator response to the endothelium-dependent vasodilators acetylcholine and ionophore A23 187 was observed in normoxic rats but not in chronically hypoxic rats. Because the response to the nonreceptor-mediated endothelium-dependent dilator ionophore A23 187 was blocked to the same degree as that of the receptor-mediated endothelium-dependent vasodilator acetylcholine in chronically hypoxic rats, it is likely that a mechanism distal to receptor activation at endothelial cell level explained the inhibitory response to these agents. Sodium nitroprusside, in contrast, produced similar dose-related dilation in normoxic or chronically hypoxic rats. Sodium nitroprusside is known as a potent, nonendothelium-dependent, pulmonary vasodilator drug (28) which, similarly to acetylcholine or ionophore A23187, relaxes smooth muscle through activation of the soluble guanylate-cyclase (25). In contrast to acetylcholine or ionophore A23187, sodium-nitroprusside induces vasorelaxation by acting directly on vascular smooth muscle after conversion to nitric oxide and does not require the formation of EDRF (25) . The dissimilar responses to acetylcholine and sodium nitroprusside in lungs from hypoxic rats would therefore suggest that there may be a dysfunction in the synthesis or release of EDRF by the endothelial cells of pulmonary arteries, rather than a defect in the response of vascular smooth muscle to EDRF. Interference of vasodilator prostaglandins with the effects described are unlikely because experiments were conducted in the presence of the cyclooxygenase inhibitor meclofenamate.
In agreement with these findings, we found that the pulmonary vasoconstrictor response to endothelin was greater in lungs from hypoxic rats than in those from normoxic controls. Moreover, pretreatment with EDRF antagonists, which greatly potentiated the vasoconstrictor response to endothelin in lungs from normoxic rats, had no effects in lungs from chronically hypoxic rats. The fact that similar concentration of methylene blue, hydroquinone, and pyrogallol can effectively block the vasodilator response to acetylcholine and enhance the pressor response to endothelin strongly suggests a common mechanism of action, i.e., inhibition of EDRF. This observation is consistent with the inability ofpulmonary vessels from hypoxic rats to oppose endothelin-induced vasoconstriction by the release of EDRF and suggests that the defect of EDRF could explain the greater response to endothelin in lungs from hypoxic rats. An exaggerated response to vasoconstrictor stimuli in hypoxic rat lungs could also result from an increased wall-tolumen ratio of the hypertrophied pulmonary arteries. Such a possibility is unlikely because the pressor responses to the endoperoxide analog U466 19 and to angiotensin II were similar in lungs from normoxic and hypoxic rats. Moreover, as also reported by others, the pulmonary pressor response to angsotensin II was not potentiated by EDRF antagonists (17) .
The present results observed in lungs from chronically hypoxic rats are consistent with the loss ofendothelium-dependent relaxation in pulmonary vessels. This observation conflicts with previous studies performed in isolated rat lungs showing that acute hypoxia stimulates EDRF production and release (17) (18) (19) . Because exposures to hypoxia in these studies lasted only few minutes, it is possible that longer periods of moderate hypoxia are required to inhibit EDRF activity in pulmonary vessels. Indeed, anoxia has been shown to suppress rather than to stimulate EDRF activity in isolated pulmonary or systemic arteries (24, 29) . More recently, endothelium-dependent relaxation and cyclic GMP accumulation have been shown to be selectively impaired by moderate hypoxia in isolated rabbit pulmonary arteries (30) . Besides, the vasodilator activity ofcultured bovine pulmonary endothelial cells stimulated by bradykinin has been reported to be abolished after a short exposure to severe hypoxia (31) . Because severe hypoxia inhibits EDRF activity in vitro, it could be hypothetized that prolonged exposure to moderate hypoxia in vivo could affect endothelial function in the same way as the short-term exposure to severe hypoxia of vascular preparations. It is, however, possible that the impairment of EDRF production could be secondary to the mechanical effects of chronic pulmonary hypertension rather than secondary to hypoxia per se. In rats exposed to only 1 wk hypoxia, we found that the vasodilation response to acetylcholine was reduced by only 26%. These results are in agreement with the observation that precontracted pulmonary arterial segments from rats exposed to 10 d hypoxia develop only 68% ofthe response to acetylcholine compared with the relaxation in control rats (32) and suggest that the defect of endothelium-dependent relaxation develops gradually. Because longer exposure to hypoxia is also associated with pulmonary vascular remodeling and increased thickness of the vascular wall (2, 4), it could be suggested that mechanical factors could have interfered with the ability of EDRF to relax the hypertrophied smooth muscle. We therefore examined the responses to both endothelin and acetylcholine in lungs from chronically hypoxic rats after return to room air. We reasoned that a short recovery period would possibly reduce the increased tone associated to hypoxic pulmonary hypertension but would be insufficient to reverse the structural vascular remodeling of the pulmonary circulation (5) . After a recovery period of48 h, the pulmonary vasodilator response to acetylcholine was fully recovered and the pulmonary vasoconstrictor response to endothelin was reduced to a similar magnitude than in control normoxic animals. Hence, the vasodilator defect cannot be explained solely on the basis of mechanical factors acting as a barrier to the diffusion of EDRF from endothelial cells to the smooth muscle.
A relationship between structural and functional changes of the pulmonary vascular wall is difficult to establish. Alterations ofboth structure and function ofthe endothelium occur during hypoxia and are reversed with room-air breathing (2, 4, 5) . Abnormal features in pulmonary arterial structure are known to develop progressively and pulmonary artery pressure to increase slowly during continuous exposure to hypoxia (2, 4) . Yet some morphological changes appear as early as after 3 d of exposure to hypoxia and include intimal and subendothelial changes of pulmonary arteries (5, 6). Whether functional alterations of the pulmonary endothelium such as those described in this study represent a primary event or may be secondary to another disease process contributing to the development ofpulmonary hypertension remains to be established. From our findings in lungs from l-wk-old hypoxic rats, it could be suggested that impairment of endothelium-dependent relaxation may not represent an early defect during development of hypoxic pulmonary hypertension. Differences in the period of recovery are more striking. Most of the structural changes have been shown to reverse slowly on return to room air, and only a slight improvement is observed after a recovery period of 3 d (5) . The functional recovery of pulmonary endothelium, measured after only 48 h of return to normoxia would therefore preceed the regression of structural changes induced by hypoxia.
The significance of these findings in relation to the increased tone and enhanced vasoreactivity of the pulmonary vascular bed previously described in hypoxic pulmonary hypertension is therefore of interest (33, 34) . If endothelium-dependent relaxation is adversely affected by hypoxia in pulmonary vessels, then a potential vasodilatory resource may be lost in chronic hypoxic pulmonary hypertension that would theoretically lead to an increased tone and to an exaggerated or inappropriate vasoconstrictor response to various stimuli. Because EDRF is also a potent inhibitor of platelet adhesion and aggregation (35) , such defect in EDRF production might also favor platelet agregation and, ultimately, thrombosis. The loss of pulmonary endothelium-dependent relaxation shown in the present study during experimental hypoxic pulmonary hypertension may prove important for the local regulation ofpulmonary vascular tone and possibly for the prevention ofthrombus formation. The significance of these findings with regard to patients with pulmonary hypertension in which pulmonary vascular tone is increased and intrapulmonary thrombus formation is frequent is therefore of interest and might be of clinical relevance.
